Abstract. The low voltage ride through (LVRT) means that wind turbines must connect to grids under grid-side faults. This paper provides a simulation study on the LVRT capability of wind energy conversation systems (WECS) under doubly-fed induction generator (DFIG) during severe grid side voltage sags. Flexible AC Transmission (FACTS) devices such as static synchronous compensator (STATCOM) is an option available to provide controlled dynamic reactive power to improve the voltage sags. Moreover, this system is modeled and simulated in MATLAB. The simulation result shows that STATCOM is more effective to enable the DFIG to ride through the severe faults.
Introduction
Wind energy is the fastest growing power generation technology in the world [1] . Doubly-fed induction generator (DFIG) are nowadays more widely used especially in large wind farms [2] . As the increasing number of DFIG connected to the grid, the low voltage ride through (LVRT) capability of DFIG wind energy conversation systems (WECS) had been paid more attention. China sets LVRT standards for wind turbines in 2009, which the wind turbines should be connected last for 625ms at least when the grid voltage has dropped to 20% of the rated voltage, whereas a tripping of wind turbines is allowed [3] . During severe grid side voltage sags, the active power generated by DFIG cannot be transmitted to the power grid in time, which fault currents in the stator and rotor would cause the trip of the wind turbines [4] . So, the DFIG needs to get higher performance for LVRT capability of wind farm system [5] .
The DFIG is a rotor induction generator with its stator winding connected directly to the three phase grid-side and the rotor windings fed by the rotor side converter. And so, during grid faults, there are large current inducted in the rotor windings and there might be a risk of voltage instability. Thus it becomes an important issue to establish a suitable electromagnetic transient equivalent model of DFIG to describe the electromagnetic transient process of the DFIG.
Flexible AC transmission systems (FACTS) based power electronic converters such as static synchronous compensator (STATCOM) are currently being used extensively in power system applications because of their ability to provide flexible power flow control [6] . A STATCOM has the ability to provide reactive power during severe voltage sags with rapid response [7, 8] .
This paper investigates that when severe grid side voltage sags occurs, a STATCOM controller is proposed to mitigate the impact of these faults and to maintain the PCC voltage constant through the fault duration and after the fault clearance.
Schematic of System
The schematic of the power grid system used for this investigation is illustrated in Fig.1 . The grid model consists of a 25kV grid, feeding a 575V system through 575V/25kV step-up transformer. The DFIG WECS with back-to-back converter is connected to the 575V bus, which consist of wind turbines, gear box, doubly-fed induction generator, rotor-side converter and grid-side converter. The 3Mvar STATCOM device is installed externally at the point of common coupling (PCC). 
Severe Faults under Grid Side
The grid side fault mainly includes symmetric fault and asymmetric fault. Under fault conditions, the magnitude of the positive sequence voltage dips decreases when the fault get worse. If the grid faults occur at the same location, single phase earth fault leads to the slightest positive sequence sags while phase-phase fault leads to the worst. So we focus on the phase-phase fault.
When phase-phase fault happens, according to the symmetrical components theory, asymmetrical voltage can be divided into positive sequence and negative sequence, while the zero sequence component is isolated by the Y/Δ config. d transformers.
Assuming that the asymmetrical voltage can be given in the form of sum of symmetrical components 1 2 ( )
Where  is the synchronous frequency, t is the time, ( ) u t is the voltage dip space vector of grid, 1 U is the amplitude of positive sequence vector, 2 U is the amplitude of negative sequence vector,  represents the initial space angle between positive and negative sequence vector, and its value is variable.
When phase-phase fault happens between phase a and b, the voltage sags including the positive sequence vector and the negative vector can be written as
Where  represents the relative fault distance, which varies depending on the fault location.
From the above equations, it can be seen that the magnitude and the phase of grid voltage can be calculated instantaneously.
Proposed Structure for STATCOM
STATCOM is a compensation device that is capable of generating or absorbing reactive power, and is made up of three components: voltage source converter (VSC), coupling transformer, and the control circuit. The interaction between the AC system voltage and the STATCOM terminals voltage controls the reactive power flow. If the system voltage is higher than the voltage at the STATCOM terminals, the STATCOM behaves as an inductor and the reactive power transfers from the system to the STATCOM, and conversely. Under normal operating conditions, both voltages are equal and there is no power exchange between the STATCOM and the AC system. The system topology configuration of STATCOM is show in Fig.2 . 
Choosing  as the angular frequency, and through the Park transform, We get the averaged model on the d-q frame.
Where the electric variables with d , q subscript correspond to a , b , c subscript which are the transformer result of the three-phase modulating signals.
The transformation matrix is
From the above equations, the control of bus voltage and the current generated by wind farms should be selected as the control variables. Therefore, the STATCOM subsystem is a strongly coupled plant with two degree of control freedom. In order to verify the simulate study presented in this paper, the wind power system based on STATCOM system shown in Fig. 1 is simulated in Matlab simulation environment.
If the parameters of grid system is s R and s X , the real and reactive power c Q injected by the STATCOM is given by following equation
where U  is the value of voltage sag, U is the bus voltage.
Simulation Analysis
Grid fault has a significant effect on the wind farm, and it is simulated at t=1s and lasts for 0.2s, which including two different grid voltage sags, the severe sags is drop to 40% of rated voltage while the slight sags is drop to 50%. The impact of this asymmetrical fault on the performance of the STATCOM is discussed below. In order to examine the performance of STATCOM for DFIG LVRT capability, the wind power system based on STATCOM shown in Fig. 1 is simulated in MATLAB simulation environment.
When the STATCOM is connected, it acts immediately to inject reactive power to the grid during the fault, and the waveform of terminal voltage are rectified shown in Fig.3, where Seen from Fig.3 , the terminal voltage is improved to 65% under the severe sags condition whereas to 71% is the slight sags condition, which the severe sags improved 25% while the slight sags improved 21%. Comparison results demonstrate that the severe sags is more improved.
The waveform of reactive power which provided by STATCOM is shown in Fig.4 . Seen from Fig.4 , the solid line represents the severe sags of grid voltage and dotted line represents the slight sags of grid voltage. The reactive power which provided by STATCOM under the severe condition is less than the slight condition.
Conclusion
This paper proposes a simulation study for STATCOM relate to the LVRT ability of DFIG under grid-side faults. Compared with the slight sags of grid voltage, the severe sags of grid voltage makes the STATCOM work more effective. From the result, it can be seen that it is quite significant for safe operation of the grid-connected DFIG system.
